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ABSTRACT 
 
The two-hinged steel arch bridge crossing of 27.3m spanning the Industrial Boulevard in 
Brussels was built to carry a fourth track of the railway line from Brussels to Ostend, thus 
accommodating the increase in train traffic. The existing bridges are brickwork vaulted 
arches with heritage value and have also been refurbished during this project. Therefore a 
slender steel closed section, two-hinged arch was designed to contrast with these solid 
structures. The design had to account for the perpendicular pressure effect on flanges of box 
sections, due to the arch curvature. The arch box has no stiffeners, except for the vertical 
struts, carrying the concrete bridge deck. In addition, the hinges are continuous with the box 
section and needed internal stiffening. Particular care has been given to compliance with the 
steel arch of the hinge base sockets, encased in the concrete abutments. A procedure was 
worked out to compensate any misalignments and angular rotations, within the limits of 
possible additional steel stress. The steel arch was welded on site from 3 prefabricated 
elements and hoisted as a single piece to its final position. Recently a load test with heavy 
lorries, including dynamic loading, was carried out. The measurement results clearly 
demonstrate that fatigue resistance is the main issue and that the lateral pressure on flanges 
really occurs and may condition the strength of structures with high curvature. 
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ABSTRACT 
 
 ThThe two-hinged steel arch bridge crossing of 27.3m spanning the Industrial Boulevard in 
Brussels was built to carry a fourth track of the railway line from Brussels to Ostend, thus 
accommodating the increase in train traffic. A slender steel closed section, two-hinged arch 
was designed to contrast with these solid structures. The design had to account for the 
perpendicular pressure effect on flanges of box sections, due to the arch curvature. The arch 
box has no stiffeners, except for the vertical struts, carrying the concrete bridge deck. In 
addition, the hinges are continuous with the box section and needed internal stiffening. 
Particular care has been given to compliance with the steel arch of the hinge base sockets, 
encased in the concrete abutments. A procedure was worked out to compensate any 
misalignments and angular rotations, within the limits of possible additional steel stress. The 
steel arch was welded on site from 3 prefabricated elements and hoisted as a single piece to its 
final position. Recently a load test with heavy lorries, including dynamic loading, was carried 
out. The measurement results clearly demonstrate that fatigue resistance is the main issue and 
that the lateral pressure on flanges really occurs and may condition the strength of structures 
with high curvature. 
 
 
Introduction 
 
The Industrial lane is an important access road for all traffic moving from the city centre 
towards the southern part of the circular motorway. Both at morning and in the evening 
traffic is dense and jams are occurring each day. The railway line from Brussels to Ostend at 
the coast crosses this important road with 2 brickwork vaulted arch bridges. The highest and 
largest one carries the main double track line, whereas the lowest arch carries a single track. 
The owner wishes the railway line to have 4 tracks in future. Hence, a bridge deck for single 
track had to be built. The latter is oriented towards the city and will have important visual 
impact for people leaving the city, since the initial vaulted arches already crystallize the idea 
of a gateway between the city and its suburbs. 
 
During the design phase, already a long time ago [1], various ideas have been 
considered, both in concrete and steel as well as composite structures. It was decided that the 
alternative of a steel arch with slender box section would be the most compatible to the 
historic brickwork arches. It would allow maintaining an open view on the heritage structure 
and simultaneously demonstrating the large contrast existing between historic and modern 
bridge building. Since a long period separated the initial design from the actual building, the 
former was to be changed, also in view of some restrictions the steel contractor had some 
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difficulty to cope with or was unsure about. In the following, comments and particular 
features are given concerning the design of short steel arches and particular verifications as 
well as the erection procedure are being commented. These data may prove to be of use for 
other similar construction. 
 
Steel arch design 
 
The steel arch itself has a span of 27.468 m and a rise of 8.038 m, the arch springs showing a 
skew angle of 65°. Because of its constant curvature, the basic shape is a circular segment. In 
addition, compared to the second degree parabola, the circle provides more vertical clearance 
at the walkways near to the abutments. Second degree parabolas are an interesting shape for 
uniform loading, which is seldom the critical case for bridges, or for larger bridges with many 
hangers, connecting the arch to a lower chord. Since live loads and most of the dead load are 
being transferred by vertical struts (Fig. 1), the arch loading mainly consists of knife loads. 
The latter are acting on the arch through the vertical struts. 
  
Figure 1.    General view after erection of structure 
 
One would expect that the box section near the intersection with the highest strut 
would be the most critical one. Firstly, this section is the closest to one quarter of the span 
distance from the arch crown or springs, this being the location of maximum bending 
moments. Secondly, the longer struts must introduce larger bending at the intersection with 
the arch. However, the largest stresses are found in the obtuse angle of the arch springs at the 
corner of the upper flange plate.  
 
Table 1.     Comparing vonmises stresses ( in MPa) in various sections ULS. 
 
Arch section Top plate Top angle Lower plate Lower angle 
1st field 70.1 81.2 189.4 130 
Large strut 20.8 31.4 89.2 82.2 
2nd field 40.6 50.9 48.1 24.8 
Short strut 114.1 278 56.6 51.1 
Crown  108.1 127.7 56.6 51.1 
 If the railway load takes a classification factor of 1.2, the maximum vonmises stress equals 
315 MPa, which is just acceptable for compressed 45 mm thick plates. Table 1 shows the 
overview of vonmises stresses in other sections of the arch. 
 
In the initial design, the plates were relatively thin (25 mm), thus causing serious 
transverse bending of the top and bottom flange. This is due to the effect displayed in Fig. 2, 
which is characteristic for short radius arches. Two closely spaced arch sections are being 
considered, the normal compression force being assumed constant. The intersection of both 
forces is drawn and it is noticed that both axes are not identical and have an angular rotation 
. This results in the radial force P, which equals P = N  if the angle  is sufficiently low. 
Figure 2.    Force equilibrium for curved sections 
 
The resulting force P can only exist if both flanges are subjected to radial pressure p, 
as is shown to the right of Fig. 2. If b equals the width of the box section, P also equals P = p 
 b R or p = N / b R. Hence the lateral pressure is easily found. Obviously the radial pressure, 
shown to the right of Fig. 2 introduces large deformation and may cause plate buckling. This 
is shown by the mode shape of Fig. 3, in which local buckling patterns are appearing. 
Figure 3.    Local arch buckling patterns due to lateral pressure 
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The aforementioned effect of lateral pressure thus required stiffening of the top and 
lower box plates, due to transversal bending. This would have been internal stiffening as 
explained in [1] and shown to the right of Fig. 2. However, in the final design, more heavy 
plates were used, thus avoiding the internal stiffening. The increase in dead weight most 
certainly being compensated by the simplified production. 
 
The internal stiffeners of the initial design could not be welded entirely to the box 
webs, since the box needed to be closed by the top flange. To the bottom right of Fig. 2 the 
non-continuous arrangement is shown. However, non-continuous stiffening of compressed 
and bended panels may have almost equal resistance as continuous stiffening, according to 
research [2].  
 
However, no box section can keep its shape unless distortion is being prevented, this 
requiring diaphragm or other types of stiffening. Internal stiffening of small closed sections is 
rather difficult. The basic idea has been to use the struts as diaphragms, passing right through 
the arch box section. This can be seen in Fig. 4, taken during assembly of the structure at the 
workshop. Obviously, the adjacent parts of the arch box are ready to be welded to the flat 
strut web and stiffening gusset plates are to be added. 
 
Figure 4.    Assembling of arch box section to diaphragm stiffening strut 
 
The gusset plates ensure the stiffness of the connection between both elements. 
Their size, measured along the box section rib has been determined to reduce the stress 
variations at the connection, thus obtaining sufficient fatigue resistance. 
 
Arch springs 
 
The arch springs consist of a simple circular rounding, closing the arch box section, which is 
fitting into a hollow steel solid supporting socket. No complicated hinge had to be fabricated, 
which is often the reason why clamped arches are preferred to hinged structures. Obviously, 
both parts, the arch spring and the hollow socket must be fitting together perfectly. 
 
Since both the vertical reaction and the arch thrust force must be introduced through 
the hinge and because of the skewness of the bridge, a torque is resulting from the 
superstructure reactions. The characteristics of the hinge have been determined by the Hertz-
contact formulas. This is in principle a rather old and conservative method, since it does not 
apply at ULS and results in many discussions concerning the length of the contact area. In 
addition, the method is not applied to bolts and other contact problems. Since the type of 
hinge, being used (Fig. 5) also constitutes a curved member, similar to the situation of Fig. 2, 
the curved plate is subjected to radial pressure at its lower contact area. This pressure tends to 
push inward the edge rib of the curved ending. Hence, rib stiffeners have been provided, thus 
allowing the distribution of the contact pressure across the webs of the box section. The 
lateral webs of the hinge allow resisting horizontal forces and show a slight gap with their 
counterparts of the lower sockets. The various parts can be seen in the perspective view of 
Fig. 5 
Figure 5.    Arch spring hinge with internal stiffening 
 
Evidently, the curved box end must at all times remain into the lower steel sockets, 
also during rotation of the hinges. The contact angle can also be derived with the Hertz-
formulas and was in this case 6.033°, the maximum angle of rotation due to loads and 
temperature being 2.596°. To be certain that the arch will not move out of the steel socket, an 
opening angle of the latter of 130° was taken. 
 
Arch erection 
 
Because of the size of the steel part of the bridge, the 5 parts were welded on site to the 4 
strut elements on fixed scaffolding. Since the arch top vertical deformations, due to the dead 
weight, are limited to less than 8 mm, no particular additional rise was given before 
fabrication. A procedure to fit the various parts together has been worked out. The principle  
Figure 6.    Principle for compensating angular displacements during assembling 
 
 
 
 
 
 
 is shown in Fig. 6. The lateral parts had to be turned by an angle of 0.1407°, corresponding to 
lower the arch springs by 12.71 mm and moving them towards the centre by 14.16 mm. As 
the central part with both smaller struts were already assembled at the workshop, this 
correction was the only one needed and allowed perfect fitting of the welds, connecting the 
larger struts to the 3 arch box sections. 
 
The steel structure was subsequently hoisted by a single crane to be placed on the 
supporting steel sockets, which had to be encased in the concrete abutments. Obviously, the 
structure’s geometry will be different than in the final situation. Fig. 7 shows the 
deformations when the structure is being hoisted. However, the vertical deformation certainly 
 
Figure 7.    Vertical deformations during hoisting of steel structure 
 
is not the real issue for obtaining perfect fitting of the springs in the abutment encased steel 
sockets. Due to the skew angle, the obtuse and sharp ends of each arch spring have different 
values of the aforementioned displacements. These differences have been calculated and the 
sharp edge is found to be 0.191 mm lower during hoisting and 0.261 mm more towards the 
centre than the obtuse angles. The forces to compensate for these gaps have been determined 
as 12.58 kN in the horizontal direction and 7.996 kN in the vertical direction. In practice, 
there was no actual need for implementing a particular process to compensate these gaps. 
 
A second problem concerns building tolerances, since the steel sockets are placed in 
concrete abutments and tolerances for this type of construction are usually much larger than 
for steel structures. Should these tolerances prove to be too large, the arch springs can still be 
forced into the sockets, but this will introduce additional residual stress. 
 
In the case of Industry Lane bridge, this effect has been quantified. Referring to Fig. 
8, there are basically 3 types of tolerances, the most evident one being a discrepancy between 
the distance from arch spring to spring and the identical distance of the concrete encased steel 
sockets. This type of tolerance (called x) may be compensated by applying identical 
horizontal forces F1 on the arch. Should the distance between springs be too large, an increase 
of the arch thrust force will result, additional stresses being found from compression and 
bending. 
Another type of tolerance may rise from horizontal non-parallelism of both steel 
sockets, which must be compensated by a vertical axis torque, or opposite horizontal forces 
F2 located on one spring side in the obtuse angle, and on the other spring side in the sharp 
angle. This type of tolerance (called ) mainly causes distortion stress at the arch centre. 
 
The third type of tolerance is caused by vertical non-parallelism of the supporting 
sockets. This may be compensated by a horizontal axis torque, introduced by two opposite 
vertical forces F3, each located on one spring side at different edges, similar to the previous 
one. This last type of tolerance (called ) mainly causes shear and torsion stress in the 
outside fields of the arch, as well as additional bending stress near the arch top and struts. 
These compensating forces and torques introduce residual stresses, the largest effect being 
found in the box section flanges at the obtuse angles. If the magnitude of the additional stress  
Figure 8.    Compensating various types of tolerances 
 
is limited to a predefined quantity, 3 equations may be determined to test whether the actual 
values of the tolerances x, and  are within this condition. These equations are not 
mentioned herein, since they have no general meaning and must be determined for each 
structure separately. The main question is to determine the acceptable magnitude of the 
residual stress. Normally, designs do not systematically allow for calculated values of 
additional stress of a permanent character. In the present case a safety margin existed and the 
magnitude of 20 MPa was decided in an arbitrary manner.  
 
Load test 
 
In December 2013 a load test was carried out on the Industrial Lane bridge. As the railway 
tracks were not installed yet, heavy 5-axle lorries have been used. Possibly, in the future the 
test might be repeated with actual train loading. Table 2 shows the mass of the lorries used 
during this test. Depending on the loaded length, these lorries represent around 18.5% of the 
design live load, although the effect of a single axle may well approach 36% of the local 
effect of the design model LM 71. The lorries were placed in various positions during the 
static test, whereas during a braking test, one single lorry was braking hard while crossing the 
bridge. The results of these tests are being discussed. 
 
F1
F1
F2
F2
F3
F3
Table 2.     Lorry characteristics : axle loads and total mass. 
 
Lorry Nr Axle 1 Axle 2 Axle 3 Axle 4 Axle 5 Total mass 
1 6760 kg 10130 kg 9480 kg 10030 kg 9800 kg 37300 kg 
2 6250 kg 8970 kg 8140 kg 11020 kg 10960 kg 45340 kg 
3 6140 kg 10250 kg 9520 kg 9340 kg 9150 kg 44400 kg 
 
   . 
Looking at the position of the gauges in a current arch section, measured at 4 different cross-
sections at locations shown in Fig. 8, the measurements demonstrate that there is only a 
minor difference between the left and right hand side of the box section. Hence the skewness 
has little influence on the stress state. 
 
Figure 9.    Strain gauge locations box section and strut sections 
 
In addition, at the top and bottom flange centre of the box section the transverse 
stress is consistently somewhat larger than the longitudinal stress, although the values are 
really close. This implies that the effect of lateral pressure, due to the arch curvature is 
important, in spite of the plate reinforcement. Fig. 9 right indicates the location of strain 
gauges at sections near to the strut elements. The gauges at the upper corners of the box 
section are at a distance of 10 mm to the weld tip. Fig. 10 shows the evolution of the stresses 
near the weld toe and at the lower corner. 
 
The measurement graph clearly indicates that at this particular location the 
maximum stress corresponds to -15.02 MPa, whereas the stress variation equals 20.37 MPa. 
For the lower corner of this cross-section those figures are respectively -6.93 and 12.91 MPa. 
In addition, the homogeneous compression almost disappears once the load is no longer on 
top of the strut and the stress state becomes almost pure bending. It is becoming obvious that 
stress variations are the most important effect of moving loads and the structural resistance is 
being determined by the fatigue strength, as was already found during the initial design. 
 
The latter has become overwhelmingly clear during a braking test. The stress 
variation due to a single lorry equals 21.31 MPa. However, the location of the strain gauge is 
at a distance of 10 to 12 mm from the weld toe and is already inside the area where the stress 
concentration due to the built-up member has started. According to the ECCS-
recommendations [3], the area where the concentration builds up is between 30.25 mm and 
18 mm from the actual weld toe. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10.    Strain variations near the largest strut element 
 
Admitting that the effect of the lorry is due to the larger axle load of 110 kN and 
since the rail loading of LM 71 comprises the knife loads of 250 kN, to be increased by the 
dynamic factor of Φ2 = 1.23, the equivalent stress variation would then reach 250 * 1.23 * 
21.31/ 110 still to be multiplied by the -factor [4] in this case 0.8, resulting in e = 47.7 
MPa. The fatigue category for this detail equals 56 MPa. Consequently, even if the 
concentration effect is not being considered, the test demonstrates that fatigue resistance is 
sufficient. 
 
Conclusions 
 
The original design of the Industry Lane steel two-hinged arch bridge was already 15 years 
old when its construction was actually started. Updating of the analysis made it clear that the 
low radius of curvature introduces an effect of lateral pressure, needing stiffening of the 
flange plates. However, for practical reasons this was replaced by more heavy flange plates. 
During the loading test, the effect of lateral pressure was actually measured. 
 
The compensation of erection tolerances was analyzed in detail, according to the 
erection procedure as modified by the contractor. This demonstrated that the compensation 
was almost negligible. The load test also proved that stress variations and fatigue is the main 
issue with short steel bridges. Mainly those areas where bending is large are prone to fatigue 
damage. In the present case this location was near to the larger struts, which does not 
coincide with the maximum of ultimate limit stress. 
 
References 
 
1. Van Bogaert, Ph. Widening by steel structure of brickwork arches in urban environment.Proceedings 
Conceptual Design of Structures. IASS Int Symposium Stuttgart Oct 1996 pp 697-704. 
2. De Pauw, B. and Van Bogaert, Ph. Buckling tests on plastic models in verifying the effectiveness of 
-80
-60
-40
-20
0
20
40
0 50 100 150 200 250 300 350 400
St
ra
in
 [
µ
S]
Time [s]
59 63 60 64
non-continuous stiffening of steel panels  Proc. Nordic Steel Construction Conference 11th.Malmö (S) pp 
17-24. 
3. ECCS/TC6 Recommendations for the fatigue design of  steel structures. European Convention for 
Constructional Steel , Brussels 1985 (ECCS N° 43) 
4. EN 1993-1-9 Eurocode 3 : Design of Steel Structures Part 1-9 Fatigue. CEN, Brussels 2005 
Proceedings of the Istanbul Bridge Conference, 2014 
ISBN 978-605-64131-6-2 
Paper 
ID Paper Title Authors Paper Presentation 
12 CALIBRATION OF RESISTANCE FACTORS FOR AXIAL LOAD CAPACITY OF DRILLED SHAFT IN LOUISIANA SOILS Murad Y. Abu-Farsakh , Xinbao Yu and Zhongjie Zhang 
  
16 DESIGN OF AN UNCONVENTIONAL BRIDGE USING CONVENTIONAL METHODS: STATE OF THE ART CAST IN PLACE 
DEPARTURES TERMINAL BRIDGE OF CAIRO INTERNATIONAL AIRPORT 
K. K. Oncu and H. K. Dal 
 
  
19 FABRICATION AND CONSTRUCTION OF SELF ANCHORED SUSPENSION BRIDGE SAN FRANCISCO OAKLAND BAY 
BRIDGE 
M. Nader, J. Duxbury and B. Maroney 
 
  
22 DETERMINING A METHOD OF DYNAMIC ANALYSIS  FOR THE VIADUCTS WITH GEOMETRIC IRREGULARITY AND 
INVESTIGATION OF THE SEISMIC PERFORMANCE OF NURTEPE VIADUCT 
M. K. Boduroğlu, S. Yalçın and T. Hergüner 
 
  
23 CRACK CONTROL OF LOOP JOINT WITH HIGH STRENGTH CONCRETE Ji S.W., Shim C. S., and Lee J. K. 
 
  
26 SPATIAL EMBEDDED SLIP MODEL FOR ANALYZING COUPLING TIME-RELATIVE EFFECTS OF CREEP AND 
PRESTRESS OF PC BRIDGES 
Cheng Ma and Wei-zhen Chen 
 
  
28 3D KNOWLEDGE EMBEDDED ENGINEERING ON PREFABRICATED BRIDGE SUBSTRUCTURES Shim C. S., Park S. J. Song H. H. and Lee S. Y,  
  
29 STRENGTH AND DEFORMATION CHARACTERISTICS OF ECC LINK SLABS IN JOINT-FREE BRIDGE DECKS K.M.A. Hossain and M.S. Anwar 
 
  
32 AN ULTRASOUND MONITORING SYSTEM FOR CONCRETE STRUCTURES J. Wolf, F. Mielentz, B. Milmann, R. Helmerich, Ch. Köpp 
H. Wiggenhauser, J. H. Kurz, R. M. Moryson, A. Samokrutov, 
S. Alekhin, N. Alver and H. Ö. Sazak  
  
33 ALTERNATE DESIGN OF HIGHWAY BRIDGE ACCORDING TO EUROCODES, WITH INNOVATIONS IN AESTHETICS, 
ECONOMY, CONSTRUCTION, DURABILITY, SERVICEABILITY AND SEISMIC SAFETY 
D. A. Anastasopoulos, Z. N. Kopelia, V. Pilitsis, I. A. Tegos 
 
  
34 INNOVATIVE METHOD FOR THE RAPID CONSTRUCTION OF ARCHES A. Long, A. Gupta, D. McPolin and D. Courtenay 
 
  
35 HIGH LOAD MULTIROTATIONAL DISK BEARINGS FOR CIVIL ENGINEERING STRUCTURES R.J. Watson 
 
  
40 FLEXURAL STRENGTH ASSESSMENT OF CORRODED REINFORCED CONCRETE (CRC) BEAMS Fares Jnaid and Riyad S. Aboutaha 
 
  
46 THE EFFECT OF LOCALIZED LOW CONCRETE STRENGTH ON FLEXURAL STRENGTH OF RC BEAMS Feng Xie and Riyad Aboutaha 
 
  
47 HOW MODERN STEEL DEVELOPMENTS CAN HELP OPTIMIZING COST AND SUSTAINABILITY OF BRIDGE 
CONSTRUCTIONS 
T.Lehnert and F. Schroeter 
  
51 BI-DIRECTIONAL PSEUDODYNAMIC TEST OF CIRCULAR SECTIONAL CFST BRIDGE PIERS H. H. Yuan, J. Dang, Q. X. Wu and T. Aoki 
 
  
52 RESTORATION WORKS OF MASONRY ARCH BRIDGES IN ANATOLIA AND BALKANS M. Elbir, H. Sert, S. Yılmaz, E. M. Partal, H. Demirci, A. 
Avşin, M.Nas, G.S. Turan and translation by: H. İ. Korkmaz 
 
  
57 AN INNOVATIVE AEROELASTIC MODEL OF THE THIRD BOSPORUS BRIDGE TO STUDY VORTEX INDUCED 
VIBRATIONS 
G. Diana, T. Argentini, M. Belloli, S. Muggiasca, L. Rosa 
  
58 SEISMIC EVALUATION AND RETROFIT OF AN EXISTING BRIDGE BY USING CURRENT CODES OF PRACTICE M. C. Dönmez, İ. N. Çilingir, E. Özer 
  
60 USING TERRESTRIAL LASER SCANNING FOR DYNAMIC BRIDGE DEFLECTION MEASUREMENT Linh Truong-Hong and Debra F. Laefer 
  
66 A STUDY ON THE DURABILITY OF UHPC RIB-TYPE DECK THROUGH WHEEL LOAD TEST K. Cho, S. Y. Park, S. T. Kim, J.-R. Cho and B.-S. Kim 
 
  
68 SEISMIC RETROFIT OF REINFORCED CONCRETE BRIDGES BY USING STRUCTURAL STEEL ELEMENTS E. Namlı, D.H.Yıldız, M. Erinçer, E. Özer. 
 
  
69 THIRD BOSPORUS BRIDGE AERODYNAMICS: SECTIONAL AND FULL-AEROELASTIC MODEL TESTING A. Zasso, M. Belloli, T. Argentini, O. Flamand, G. Knapp, G. 
Grillaud, J-F Klein, M. Virlogeux, and V. de Ville 
to be published 
in the iBridge2014 
book of selected 
papers 
 
70 PERFORMANCE OF RC BRIDGE COLUMNS SUBJECTED TO LATERAL LOADING S. Sotoud and R.S. Aboutaha 
 
  
73 BRIDGES WITH PROGRESSIVELLY ERECTED DECKS P. Novotny, P. Svoboda and J. Strasky 
  
76 INFLUENCE OF THE PRIMARY BRIDGE COMPONENT CONDITION ON THE OVERALL BRIDGE CONDITION RATING R. Hamid, Y. Khairullah and A. R. Khalim to be published 
in the iBridge2014 
 
book of selected 
papers 
77 THE DIFFERENTIAL SHRINKAGE DISPLACEMENTS OF BOX SECTION PRESTRESSED CONCRETE BRIDGES Sıddık Şener, Yasin Çağlar, Kadir Can Şener and Necmettin 
Gündüz 
  
78 SEISMIC ISOLATION OF HIGHWAY VIADUCTS THROUGH PENDULUM ISOLATORS G. Matildi, S. Isani, G. Cammarota, F. Tomaselli4 and M.G. 
Castellano 
  
84 INNOVATIVE TECHNIQUES FOR CONSTRUCTION & REHABILITATION OF BRIDGES USING PRECAST MODULAR 
RETAINING WALL SYSTEMS 
T. C. Neel and K.Bozkurt 
  
85 SEISMIC PERFORMANCE OF AN INNOVATIVE CONCRETE FILLED STEEL TUBULAR TRUSS BRIDGE Yufan Huang, Bruno Briseghella, Tobia Zordan, Qingxiong 
Wu and Baochun Chen 
  
87 STATE-OF-THE-ART OF NEW MATERIALS AND FUTURE PERSPECTIVES ON SUPER LONG T. Yamane, A. Takaue, T. Ikeda and Y. Z. Gundogdu 
 
  
88 SHIP COLLISION: REPAIR & REHABILITATION OF A CABLE STAYED BRIDGE Sumitaka Kurino, Hiroshi Kudo, Masaru Kudo and Yuichi 
Yamamoto 
  
89 SMART STRUCTURAL MONITORING OF LONG-SPAN BRIDGES John St Leger, Matthew Anderson and Sarah Babin 
  
90 INTEGRATORS FOR NONLINEAR RESPONSE HISTORY ANALYSIS: REVISITED X. Liang, S. Günay and K. M. Mosalam 
 
  
92 DESIGN AND CONSTRUCTION OF A TWO-HINGED STEEL ARCH BRIDGE ALONGSIDE HISTORIC BRICKWORK 
VAULTS 
Ph. Van Bogaert 
 
  
93 LOAD-CARRYING CAPACITY OF UNBRACED HISTORIC CONCRETE TIED-ARCH BRIDGES Ph. Van Bogaert 
  
95 ANALYSIS OF THE RESPONSE UNDER LIVE LOADS OF TWO NEW CABLE STAYED BRIDGES BUILT IN MEXICO R. Gomez, R. Sanchez-Garcia, J. A. Escobar and L.M. Arenas- 
Garcia  
to be published 
in the iBridge2014 
book of selected 
papers 
 
98 ANALYTICAL INVESTIGATION ON THE USE OF FRP MATERIALS AS SEISMIC RESTRAINERS IN CONCRETE BRIDGES I. A. Tegos and O. G. Markogiannaki 
 
  
100 RESEARCH ON THE JOINTLESS RETROFIT OF MULTI-SPAN SIMPLY SUPPORTED HOLLOW SLAB BRIDGE J.C. Dong, Z.R. Xiao, Y.Z. Zhuang, J.Q. Xue, B.C. Chen, 
C.W. Yang, B. Briseghella 
 
  
105 APPLICATION OF HDR DAMPERS IN SEISMIC PROTECTION OF LRB-CONTROLLED CABLE-STAYED BRIDGES B. Asgari, S. A. Osman, and A. Azlan 
  
106 THERMAL FIELD OF CFST STRUCTURAL COMPONENT UNDER CEMENT HYDRATION Bao-Chun Chen, Jin-kai Chen and Xin-Meng Yu 
 
  
108 LONG-TERM MONITORING OF SEOHAE CABLE-STAYED BRIDGE USING GNSS AND SHMS J. C. Park and J. I. Shin and H. J. Kim 
  
109 A FRAMEWORK FOR THE EVALUATION AND ASSESSMENT OF PROTO-MODERN BRIDGES A. Berk and H. T. Örmecioğlu 
 
  
111 IZMIT BAY BRIDGE SOUTH APPROACH VIADUCT: SEISMIC DESIGN NEXT TO THE NORTH ANATOLIAN FAULT A. Giannakou, J. Chacko and W. Chen 
 
  
113 A RAPID REPAIR SOLUTION FOR CHINESE RC BRIDGES TO IMPROVE PLASTIC DISSIPATION, DUCTILITY AND 
SHEAR STRENGTH ACCORDING CAPACITY DESIGN CRITERIA 
D. Lavorato, C. Nuti, S. Santini, B. Briseghella, Z. Zhou And J. 
Xue 
  
114 SEISMIC ISOLATION SYSTEM FOR RAILWAY VIADUCTS IN VENEZUELA F. Tomaselli, M.G. Castellano, and P.Baldo 
  
116 FALSEWORK FOR STAGE SPAN-BY-SPAN CONSTRUCTION OF A DUAL TWIN RIB BRIDGE J. Hołowaty and D. Jurkowski 
  
117 SEISMIC PERFORMANCE ESTIMATION OF MODULAR BRIDGE EXPANSION JOINTS SYSTEM Jungwoo Lee, Eunsuk Choi, Jongwon Kwark 
 
  
119 DERIVING A LOAD MODEL FOR BRAKING FORCES ON ROAD BRIDGES: COMPARISON BETWEEN A DETERMINISTIC 
AND A PROBABILISTIC APPROACH 
J. Martins, M.-A. Fénart, G. Feltrin, A.-G. Dumont and K. 
Beyer 
to be published 
in the iBridge2014 
book of selected 
papers 
 
121 EVALUATION OF THE TRUE BEHAVIOR OF THE END SUPPORTS IN THE CARBAJAL DE LA LEGUA OLD BRIDGE A. González, E. Covián, M. Casero and M. Celemín to be published 
in the iBridge2014 
book of selected 
papers 
 
124 LIFE-CYCLE MONITORING AND MAINTENANCE OF BRIDGES: THE ROLE OF REMOTE SHM SYSTEMS K. Islami, G. Moor and N. Meng 
  
125 BUFFETING RESPONSE OF THE IZMIT BAY BRIDGE: NUMERICAL AND EXPERIMENTAL RESULTS G. Diana, D. Rocchi, T. Argentini 
  
128 AUTOMATED DAMAGE ASSESSMENT FROM 3-D LASER SCANS B. Guldur and J. F. Hajjar 
 
  
132 BRIDGE INSTRUMENTATION: NEEDS, OPTIONS, AND CONSEQUENCES A. Shamsabadi, F. Abazarsa, S. F. Ghahari, R. Nigbor, and E. 
Taciroglu 
to be published 
in the iBridge2014 
book of selected 
papers 
 
133 ENGINEERED CEMENTITIOUS COMPOSITES AS SUSTAINABLE OVERLAY MATERIALS FOR BRIDGE DECK 
APPLICATIONS 
H. E. Yücel, M. Şahmaran, G. Yıldırım and M. Lachemi 
  
134 SEISMIC RESPONSE OF BRIDGES CONSIDERING DIFFERENT GROUND MOTION SELECTION METHODS X. Liang, S. Günay and K. M. Mosalam to be published 
in the iBridge2014 
book of selected 
papers 
 
135 SOIL-STRUCTURE-FOUNDATION INTERACTION ANALYSES FOR THE THIRD BOSPHORUS BRIDGE Wei-Yu Chen and Amalia Giannakou 
 
  
137 A PROPOSAL FOR THE IMPROVEMENT OF THE EARTHQUAKE RESISTANCE OF MULTI-SPAN PRECAST I-BEAM 
BRIDGES 
I. A. Tegos S. D. Tegou and M. A. Tsitotas to be published 
in the iBridge2014 
 
book of selected 
papers 
140 RATING OF HIGHWAY BRIDGES IN PAKISTAN M. A. Saleem and S. B. Rafiq 
  
145 DAMAGE ASSESSMENT OF A 4-SPAN BRIDGE-TYPE STRUCTURE USING TIME SERIES ANALYSIS Q. Mei and M. Gül 
 
  
146 INVESTIGATION OF FATIGUE –INDUCED CRACK WITH K-TYPE BRACING SYSTEM Chung C. Fu, Gengwen Zhao, Tim Saad, Yunfeng Zhang and 
Y. Edward Zhou 
  
147 THE REVISIONS FOR THE GUSSET PLATE LOAD RATING APPROACH: A COMPARATIVE CASE STUDY B. Boyaci, P.E. and B. Guldur 
  
157 PERFORMANCE OF THIN-WALLED STEEL BEAMS STRENGTHENED WITH GFRP STIFFENERS BONDED USING TWO 
DIFFERENT ADHESIVES 
A. Okeil, T. Ulger and H. Babaizadeh 
  
158 EFFECT OF CRYSTALLINE CALCITE USAGE IN PRETENSIONEDE PRECAST BEAM PRODUCTION OVER CONCRETE 
DURABILITY 
S.Uluöz, S.Düzbasan, E.Yakıt and T.Uluöz 
  
159 LARGE SPAN BRIDGES IN POLAND J. Biliszczuk, J. Onysyk, W. Barcik, R. Toczkiewicz and A. 
Tukendorf 
  
162 PEDESTRIAN BRIDGES HEALTH ASSESSMENT STRATEGY USING NDT Gokhan Kilic 
 
  
166 ANALYSIS AND ASSESSMENT OF ARTICULATED SKEW HOLLOW SLAB BEAM BRIDGE Ying Yang, Yiqiang Xiang, Xiaoyang He and Yuliang He 
  
194 ANALYSIS OF CRACKING BEHAVIOUR FOR REINFORCED CONCRETE CURVED BOX GIRDER BRIDGES Yiqiang Xiang and Jianwu Xu 
 
  
199 SEISMIC ISOLATION CHARACTERISTICS OF BALL RUBBER BEARINGS C. Özkaya 
  
203 DESIGN AND INSPECTION OF LONG SPAN SUSPENSION BRIDGES – BRIDGE INFORMATION MODELING V. Samec, J.Stampler, H.Sorsky and T. Gilmore 
 
  
210 BRIDGE INSPECTION, MAINTENANCE, AND MANAGEMENT STRATEGIES IN CANADA Sami Moufti, Iason Gkountis, Ahmad Jabri, Ahmad Shami, 
Kien Dinh and Tarek Zayed 
  
211 SEISMIC RESPONSE OF PT ROCKING BRIDGE COLUMNS ACCORDING TO DESIGN OF ENERGY DISSIPATION BARS H. Roh, S. Lee, Y. Koh, and J .S. Lee to be published 
in the iBridge2014 
book of selected 
papers 
 
212 DEFLECION AND VIBRATION CRITERIA FOR CONCRETE BRIDGES E.-S. Hwang and X.H. Le 
  
217 EXPLORING PERFORMANCES AND THEIR INTERDEPENDENCIES IN BRIDGE CONSTRUCTION: A CASE STUDY Fahimeh Zaeri, James Olabode Bamidele Rotimi and Callum 
McCorquodale 
 
  
218 DYNAMIC VEHICLE-TRACK-STRUCTURE INTERACTION ANALYSIS USING LAGRANGE MULTIPLIERS M. V. Sivaselvan, Joshua Tauberer and Ali D. Karakaplan 
 
  
220 EQUIVALENT DAMPING FORMULATION FOR LRBS TO BE USED IN SIMPLIFIED ANALYSIS OF ISOLATED 
STRUCTURES 
G. Özdemir 
  
239 FREE VIBRATION ANALYSIS AND SEISMIC PERFORMANCE ASSESSMENT OF TWO APPROACH VIADUCTS OF 
BOSPHORUS SUSPENSION BRIDGE 
S. Bas, N. M. Apaydin and Z. Celep 
 
  
240 TOPOGRAPHIC EFFECT ON SEISMIC RESPONSE OF A HIGH-PIER BRIDGE SUBJECTED TO OBLIQUE INCIDENCE 
WAVES 
Yin Gu, Chung C. Fu and M.Sherif Aggour to be published 
in the iBridge2014 
book of selected 
papers 
 
254 CONSTRUCTION STAGE ANALYSIS FOR THE NHAT TAN BRIDGE V. Maina, N. Taki, T.Tokuchi, K. Matsuno and T.Nishi 
  
255 CONSTRUCTION OF THE NHAT TAN BRIDGE SUPERSTRUCTURE M. Nakayama, T. Tokuchi, H. Kawashima, S. Kaifuku, K. 
Matsuno, and T. Nishi 
to be published 
in the iBridge2014 
book of selected 
papers 
 
259 CAST-IN-PLACE POST-TENSIONED CONTINUOUS BRIDGES IN TURKEY: APPLICATION AND ADVANTAGES Ö. Özkul, and J. E. Erdoğan 
 
  
260 VIADUCTS BY PUSHING: INCREMENTALLY LAUNCHED BRIDGES J. E. Erdoğan and Ö. Özkul 
 
  
263 SEISMIC VULNERABILITY OF REINFORCED CONCRETE BRIDGE COLUMNS IN CANADA C. Yalcin and M. Saatcioglu 
 
  
288 DESIGN AND CONSTRUCTION OF LRT VIADUCT ESENLER C. Özkaya, E. Kara, B. Kurtman, G. Çetin and F.Tulumtaş 
  
295 NEW STATISTICAL PATTERN RECOGNITION TECHNOLOGY FOR CONDITION ASSESSMENT OF CABLE-STAYED 
BRIDGE 
S. H. Lee, G. H. Heo and S. G. Seo 
 
  
297 LEONARDO DA VINCI’S FOOTBRIDGE IN KAZAN: A BRIDGE BETWEEN TWO CULTURES IN THE NEW ISTANBUL 
PARK 
Alessandro Stocco, Enzo Siviero and Ali Ulvi Altan 
 
  
301 EXPERIMENTAL MEASUREMENTS ON TEMPERATURE GRADIENTS IN CONCRETE BOX-GIRDER BRIDGE UNDER 
ENVIRONMENTAL LOADINGS 
S. R. Abid, N. Tayşi, M. Özakça 
  
305 DESIGN OF A POST-TENSION AT THE HIGH SEISMIC RISK REGION, BOTAN BRIDGE T. Atıcı, E.B.Y. Cıplak and M. Kılıc 
  
306 EFFECT OF VERTICAL MOTIONS ON SEGMENTAL BRIDGES UNDER CONSTRUCTION M. Jara, O. Álvarez, J.M. Jara and B.A. Olmos 
 
  
308 STRUCTURAL CONCEPT AND SEISMIC ASSESSMENT OF NEW CABLE STAYED BRIDGE IN BELGRADE B. Stipanic and R. Mandic 
 
  
404 CONSIDERATIONS AND ADVANTAGES OF WIRELESS SYSTEM NETWORKS STRUCTURAL HEALTH MONITORING K. H. Catbas and F. N. Catbas 
 
  
422 TECHNICAL CHALLENGES OF LARGE MOVABLE SCAFFOLDING SYSTEMS Pedro Pacheco 
 
  
428 A  REAL-TIME INSTRUMENTATION APPROACH FOR STRUCTURAL HEALTH MONITORING OF BRIDGES S. Dinçer, E. Aydın and H. Gencer 
 
  
430 SEISMIC RETROFIT OF LARGE SCALE BRIDGES IN ISTANBUL N. M. Apaydin 
 
  
525 METU FOOTBRIDGE: CABLE FORCE DETERMINATION AND DYNAMIC PROPERTIES W. Njomo Wandji and A. Turer 
  
593 CONTINUOUS HORIZONTAL REINFORCEMENT DIAPHRAGM WALL APPLICATION Ahmet Kizilkaya, Alp Gökalp and Nejla Yildiz 
 
  
  
  
 
